INTRODUCTION
Singly charged oxygen is a variable but usually substantial component of the magnetospheric plasmas at most energies [Shelley et al., 1972; Ghielmetti et al., 1978; Balsiger et al., 1980; Sharp et al., 1981; Lundin et al., 1982; Lennartsson and Shelley, 1986; Mrbius et al., 1987; GIoeckler and Hamilton, 1987; Chappell et al., 1987] . It is perhaps, besides H ÷ and He ÷ ÷ ions, the most important ion component from a scientific point of view, for at least two reasons. One is its principal source, Earth's atmosphere [Young et al., 1982; Kremser et al., 1988] , which makes it a unique measure of electrical solar-terrestrial interactions. This is the one aspect that has received the closest attention in the literature so far. [e.g., Baker et al., 1982 [e.g., Baker et al., , 1985 Delcourt et al., 1989; Daglis et al., 1990 Daglis et al., , 1991 Moore and Delcourt, 1992; Swift, 1992] . Baker et al. [1982] argued that the addition of such O ÷ ions in the tail current sheet, after the onset of a substorm, will have a Copyright 1993 by the American Geophysical Union. et al., 1982; Yau et al., 1985; Lennartsson, 1989] . 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 Ye c r ..'i .... ,_, _, ,. , ,',; #}!:; $_1l_'_. '' J :.:
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.. Figure 4 displays all plasma sheet samplings corresponding to Figure 2 , including both dawn and dusk halves. It may be true that conditions in the dusk half are usually the most relevant to substorm onset, as argued by Baker et al. [1982] , but these ion composition data show no significant asymmetry between dusk and dawn and do not justify limiting the statistical material to the dusk side only. By including the dawn half it is possible to admit more samplings from early 1978 and early 1980 and thus cover a wider range of solar surface activity (see Figure 1 ). This is a desirable objective in the next section.
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It may suffice to mention that if the scatterplots of Figure 4 are limited to the dusk half, where there are 1366 samplings, the least squares fits are virtually identical to those in Figure 4 , and the correlation coefficients differ by at most 0.02.
It is quite possible that the nonzero correlation of the AE with the preceding values of the average ion mass in the right panels of Figure 4 , with 1-and 2-hour delays, is purely accidental, because the AE has a very high degree of autocorrelation over long periods of time. This is illustrated by Table 1 , which lists the correlation coefficients for hourly AE values taken from one to six hours apart during 1978 and 1979 (17520 hours). As can be seen, the AE at any one time is still better correlated with the AE from as much as 6 hours earlier than it is with the average ion mass during the immediately preceding hour. Figure 5 relates the average ion mass in the central plasma sheet to solar surface activity, as measured by the FI0.7, as well as geomagnetic activity. The ion mass samplings in the left panel are from geomagnetically "quiet" times, defined by requiring that the hourly AE index be consistently less than 100 nT over a 3-hour period, where the middle hour contains the mass sampling. The right panel has samplings from "disturbed" times, similarly defined by hourly AE indices being consistently greater than 200 nT over that same 3-hour period. By considering AE indices taken both before and after the mass sampling it is ensured that no bias is placed on the causal relationship between the AE and the ion mass, although the strong autocorrelation of the AE index makes the precise timing less important (see Table 1 ). In any case the average ion mass is found to increase with increasing solar activity, regardless of substorm activity level, and this is mainly a consequence of an increasing O + density (see also Young et al. [1982] and Lennartsson [1989] ). The regression lines are again based on log (mass), because a logarithmic y scale and a linear x scale provide a roughly linear dependence when data points are binned in x and averaged in y (not shown).
Solar Cycle Effects

Although the correlation
coefficient is only about 0.3 in both panels of Figure 5 , the large number of data points makes it significant.
It can be seen, by using standard statistical tests [Bevington, 1969, pp. 119-127; Press et al., 1986, pp. 484--487] , that the probability of having no actual correlation between the ion mass and the solar activity is negligible (less than 10-s). Essentially, the same statistical results are reached even if the samplings are limited to the dusk half of the plasma sheet, thereby reducing the number of data points as well as the range of F_0.7. In that case, N = 339 and R = 0.25 in the left panel (AE < 100 nT) and N = 348 and R = 0.36 in the right panel (AE > 200 nT), and the respective regression lines remain identical within one standard deviation of either the slope or the vertical location.
By contrast, the substorm activity, as measured by the AE or Kp indices, does not increase with increasing solar surface activity during this time period, neither in terms of frequency of substorm onsets nor in terms of peak ampli- tude. This is partly illustrated for the AE index by Figure 6 , which covers two 4-month intervals with similar ISEE 1 samplings of the plasma sheet (as defined in Figure 2) Figure  6 ). 1989] and an Fl0.7 of 70 to the CCE data ( Figure  l) , the logarithmic regression formula in Table 3b of Young et al. [1982] predicts a reduction in the ratio by a factor of -3.5 in 1984 for geomagnetically quiet conditions. Comparing the two regression lines in Figure 7 at low AE yields a somewhat larger reduction by a factor of 4.1, but the difference is probably within the margins of error, considering that the ISEE 1 data in Figure  7 span such a wide range of Fie.7. In any case there is a clear downward displacement of the regression line in 1984, and there is relatively less scatter about this line, resulting in a higher correlation coefficient.
The improved correlation with the AE index is consistent with the strongly reduced fluctuations in the daily Fi0.7 index (Figure  1) , provided the O+/H + ratio, as implied by Figure 5 , depends not only on long-term but also on day-today variations in the solar irradiation. 1969, pp. 119-127; Press et al., 1986, pp. 484--487] . The fact that the two regression lines have almost exactly the same slope (same within two decimal places), even though the two sets of data points differ in size by a factor of 24, makes it almost certain that the correlation is real and not merely due to numerical rounding errors.
The negative sign of the correlation is consistent, in a superficial sense, with the long-term anticorrelation just found between the O+/H + ratio and the AE ( Figure  7) and Kp (Figure 8 ), since the O ÷ density is positively correlated with the Fi0.7 ( Figure  5 ; see also Young et al. [1982] and Lennartsson [1989] FI0.7 on a year-by- year basis, the correlation does not even show a persistent sign. This is illustrated by Table 2 .
5.4.
Effects of Including Lowest Energy Channel
The possible role of ions with energies below 100 eV/e is primarily an issue with data obtained in situ, that is the ISEE Adding these partial densities, when measured, to the main densities has almost no effect on the statistical picture, however.
In most samplings from the central plasma sheet the O + and He + densities are increased by less than 15% and the H + and He ++ densities by less than 5%. Table 3 shows the average increases.
Part of the reason for these modest numbers may be that the low-energy cutoff is actually higher than 10 eV/e in much of the plasma sheet data, perhaps more typically between 10 and 20 eV/e, because of positive spacecraft charging associated with photo electron emission (see Figure  1 of Mozer et al. [1983] Figure 5 , such a scenario is consonant with the negative correlation between the AE and the Fi0.7 in Figure 9 . However, Table 2 shows that this negative correlation, when ordered by calendar year, is not an ordinary feature, but is limited to one (1979) of seven years. This makes it much more likely that the long-term variation of the AE is controlled by a solar process which depends on the solar cycle phase but is not well measured by the Fi0.7, nor by the EUV flux. It appears from Figure  10 that the year 1979 is unique in the sense that the 1) , it probably accounts for the net negative correlation in Figure 9 (even without the singular sheet (see also Figure  6 ).
If there is any significant feedback from the O +, due to its large ionic mass, it must be negative:
The O ÷ either inhibits the onset of substorms, acts as a damper on substorms in progress, or helps to release tail stresses at an earlier and "less harmful" stage. However, Figure  l0 appears to exclude that scenario as well, since the monthly average AE starts increasing again long (2 years) before the solar Fi0.7 enters its declining phase ( Figure  l) , which is presumably when the O + concentration declines in the plasma sheet ( Figure  5 ). Short-term correlations are less definitive, for reasons that have been outlined above, but they appear to point in the same direction. Figure 4 all energies, is only -0.01 to 0.08 cm-3 ( Figure  18 in their paper). However, these limits are less severe for the polar wind H + ions, which are all assumed to have an initial energy of only 1 eV, so this model may provide a probable upper limit on their specific contribution in Earth's plasma sheet.
According
to Figure  4 
